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SYSTEMS AND METHODS FOR
ACCELERATING NETWORKING
FUNCTIONALITY

BACKGROUND

The following background description 1s provided to give
context and understanding to the recited imvention and 1s not
meant to be limiting of the claims.

Computing Devices

Computing devices, such as those that are connected to
form a network, are organized 1n layers. FIG. 1 1s a diagram
illustrating a computing device with 1ts layers. There 1s a
hardware layer 100, which includes the physical hardware
components of the system, such as one or more processors
(CPUs) 102, system memory 104, one or more a storage
devices 106, and attached peripheral hardware. There 1s a
soltware layer referred to as “user space” 160, which includes
user soltware applications 162, 164, and 166, such as a text
editors, email programs, and web browsers. Between the
hardware layer and the user space layer, there 1s another
soltware layer, the operating system kernel 130, (“the ker-
nel”). The kernel acts as an interface between the computer
hardware and the user applications, and includes the software
processes that actually run the computer. The kernel 1s
responsible for tasks, such as allocating the CPU and memory
among the user application processes, and managing and
coordinating input and output “I/O” requests from user appli-
cations. For example, the kernel processes messages that user
applications send to and receive from other computing
devices, so that the messages can be sent over the network
hardware.

When a computing device 1s attached to a network, the
hardware layer may also include one or more network inter-
tace controllers, (“NICs™), 1llustrated at 110 and 112 of FIG.
1. NICs are hardware controllers that allow the computing
device to be attached to the network’s physical media 202 and
204, and that send signals to and recetve signals from other
computing devices on the network. As used in this applica-
tion, the physical media for anetwork includes physical struc-
tures, such as wires and fiber optical cables, and also wireless
media such as radio waves. A computing device (complete
with operating system running) with a NIC connected to a
network 1s often referred to 1n the art as a “host.”

The kernel of a host includes a device driver for each NIC
in the host, as 1llustrated at 132 and 134. Device drivers are
kernel software modules that handle input and output “I/O”
for specific hardware devices by translating the general 1/O
instructions of the operating system to specific istructions
that the devices, such as a NIC, can understand. Thus, when a
computing device sends and recerves messages across the
network through a particular NIC, the messages are processed
by the device driver for the NIC. The kernel also includes a
network interface for each NIC, 1llustrated at 136 and 138. A
network interface includes a data structure and functions that
define how a NIC device driver needs to present incoming
data to the higher levels of the operating system, and how the
higher levels of the operating system need to present data to
the NIC device driver.

As will be explained 1n more detail below, when a user
space application wants to send a message to another com-
puting device, 1t forwards the message data and destination
information to a networking subsystem 1n the kernel, 1llus-
trated at 140. The networking subsystem processes the mes-
sage and presents 1t to the NIC device driver (132 or 134)
through the associated network mterface (136 or 138). From
the device driver (132 or 134) it can be forwarded out of the
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computing device through the NIC (110 or 112). When a
message 1s recetved at a NIC, 1t may be sent to the NIC device
driver 1n the kernel, and presented to the networking sub-
system by the network intertace.

Computer Networks

Computer networks are also often organized into hardware
and software layers. A physical network layer 1s created, 1.e.
the hardware layer. Then a software layer 1s defined for the
physical layer. The software layer definition 1s basically a
generalization of the hardware that can be understood by the
soltware layers in the computing devices that may not be
constructed from the same type of hardware. Physical net-
works and software layer definitions are well known in the art
of computer science. An Ethernet Network 1s an example of
hardware network, and Internet Protocol version 4, “IP” net-
work, which 1s used in the Internet, 1s an example of the
software layer defimtion of a network. To the extent that
Ethernet Network protocols and IP are used herein, they are
used as examples and are not meant to be limiting. In would
be well understood in the relevant art how these examples
could be generalized to other hardware networks and soft-
ware layer network definitions.

FIG. 2A 15 a diagram illustrating an example of a hardware
layer of a network. As 1s often the case, the network 1s made
up of smaller networks, 1llustrated in FIG. 2A as Network 1
202 and Network 2 204. As shown in FIG. 2A, the hardware
layer of the network includes anumber of NICs 210,212, 214,
216, and 218, attached to computing devices Host A 206, Host
B 207, Host C 208, and Host D 209 respectively, (with Host
C including both NIC 214 and 216). Additionally, the network
layer includes the physical media 220 and 222 connecting the
computing devices. Each NIC 1n the network 1s identified by
a unique address referred to as a Media Access Control,
(“MAC”) address. In FIG. 2A, NIC 210 has MAC Address 1,
NIC 212 has MAC Address 2, NIC 214 has MAC address 3,
NIC 214 has MAC Address 4, NIC 216 has MAC Address 5,
and NIC 218 has MAC Address 3.

FIG. 2B 1s a diagram 1illustrating the software definition of
the hardware network illustrated 1n FIG. 2A. As 1llustrated in
FIGS. 2A and 2B, the software layer definition of a network
1s also broken into smaller networks, which often correspond
to the smaller networks 1n the hardware layer. These smaller
networks are often referred to as “subnets™ 1n the software
layer definition. Each subnet includes at least one computing
device linked to the network by a physical medium. In FIGS.
2A and 2B, Subnet 1 252 corresponds to Hardware Network
1 202 and Subnet 2 254 corresponds to Hardware Network 2
204. The hosts on each subnet are typically able to send and
receive communications directly to and from hosts on the
same subnet. However, for a host (referred to as a “source”) to
send a message to another host (referred to as a “destination”™)
on a different subnet, the sending host must transmit the
message to a “router’” or “gateway.” The term “router” will be
used herein. A router 1s a host that 1s connected to more than
one subnet, and can transmit a message {from one subnet to
another subnet. Host C 208 in FIG. 2B 1s a router because 1t 1s
connected to both Subnet 1 252 and Subnet 2 254.

Each host in a network generally has a unique software
layer address for each subnet on the host, and as 1s well known
in the art, each software layer addresses 1n the host indicates
a subnet that the host 1s part of. In an IP network, this address
1s referred to as the “IP address,” which 1s used 1n this descrip-
tion for clarity. One of skill in the art could generalize the
description below to other network software layer protocols.
As 1llustrated in FIG. 2B, Host C has two IP Addresses, (IP
Address 3 and IP Address 4) because 1t 1s connected to two
subnets.




US 9,218,356 B2

3

Processing a Message Sent from a Source to a Destination

As explained above, when a user space application (such as
an email program) wants to send a message (such as an
email), the user space application forwards the message data
and destination information to the kernel, where it 1s pro-
cessed by the networking subsystem illustrated 1n FIG. 1 at
140. The term “networking subsystem”™ 1s used herein as a
broad term to describe the components of the kernel that
process messages sent by user space applications before they
are forwarded to the network interface, and that process mes-
sages from the network interfaces before they are sent to user
space applications. A non-limiting example of a networking
subsystem 1s the IP subsystem used to process messages in IP
networks.

Because messages sent between hosts are often large, the
networking subsystem breaks messages into pieces, and
sends the messages 1n “packets.” A packet 1s a bit stream that
includes a piece of the message data and information about
itself. Packets are defined by a protocol that dictates the
structure of the packet, 1.e. which bits in the packet contain
what type of information. FIG. 3A 1s a diagram 1llustrating an
example of a packet. An IP packet 1s shown for illustration
purposes. The packet illustrated in FIG. 3A 1s from a message
being sent from Host A 206 to Host D 209 in FIG. 2B. The first
set of bits 1n the packet, which 1s 1llustrated at 301, 1s the start
of the header, and includes information such as the protocol of
the packet and other information about the packet. The next
set of bits, which 1s 1llustrated at 302, includes the address of
the message source, 1.e. the IP Address of Host A, IP Address
1. The next group of bits 304 includes the address of the
destination, 1.e. the IP Address of Host D, IP Address 5. The
bits including the rest of the header are illustrated at 306, and
the bits including the actual message data are 1llustrated at
308.

As explained above, 1f a packet is sent to a destination 1n the
source’s subnet, 1t may be sent directly to the destination.
However, 1f a packet 1s sent to a computer outside the source’s
subnet, 1t 1s sent to a router 1n the source’s subnet, such as Host
C at 208 of FIG. 2A. Because there may be more than one
router on a single subnet, the networking subsystem must
determine the appropriate router, by “routing” the packet. To
route packets, the networking subsystem looks up the appro-
priate router for the destination 1n a routing table, 1llustrated at
142 1n F1G. 1. FIG. 4 A 1s a diagram 1illustrating a routing table
for Host A 206 or Host B 207 of FIG. 2B. A routing table
includes two essential columns, the destination’s subnet 402,
and a software layer address for the appropriate router, or
“gateway,” 404. As illustrated 1n F1G. 4A at 403 and 405, any
packet from Host A or Host B with a destination on Subnet 2
1s sent to IP Address 3, 1.e. Host C’s software layer address on
Subnet 1.

Once the software layer address of the router 1s found 1n the
routing table; however, the networking subsystem will not
place that address 1nside the packet because the destination
address 1n the packet needs to be the actual address for the
destination. Additionally, the hardware, such as the network
hardware and the media that physically connect the comput-
ing devices, does not understand the software layer defini-
tions of the network, such as the software layer addresses and
packet construction. Therefore, rather than just sending pack-
ets across a hardware network, hosts send bit streams that
encapsulate the data for the packet, and include information
that the hardware layer understands. Although the name for
such bit streams may vary depending on the type of hardware
network, the term “frames,” will be used herein for simplifi-
cation. Like a packet, frames are defined by a protocol that
dictates their structure, 1.e. which bits in the frame contain
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what type of information. FIG. 3B 1s a diagram 1illustrating a
frame for sending the packet in FIG. 3A between Host A 206

and Host D 209 1n FIGS. 2A and 2B. An Ethernet packet 1s

shown 1 FIG. 3B for illustrative purposes. As illustrated at
310, the payload of the frame includes the packet shown 1n

3A.

Asillustrated at 311 and 312 1n FIG. 3B, the frame includes
the hardware address, e.g. the MAC address of the source or
destination, rather than the software layer address. Because

the source 1s Host A, the Source MAC 311 1s the address of the
NIC 210 1n FIG. 2A. The networking subsystem must deter-
mine the MAC address for the destination from the software
layer address of the router. This 1s done using an address
resolution system that bridges the hardware and software
layer addresses. Address resolution systems are well known

in the art. A non-limiting example of an address resolution
system 1s the Address Resolution Protocol (“ARP Protocol™)

used i Ethernet and IP. Address resolution systems use a
MAC table illustrated at 144 of FIG. 1, which may also be
referred to as an “ARP Table” 1n Ethernet and IP. A MAC table
for Host A 1s 1llustrated 1in FIG. 4B. The MAC table consists
of two columns: an IP address 406 and a MAC address 408.
As 1llustrated at 410 and 412, the IP Address 2 for Host B
corresponds to MAC Address 2, the hardware address of NIC
2. As 1llustrated at 414 and 416, the IP Address 3 of Host C
(the address for Subnet 1) 1s associated with MAC Address 3,
the hardware address for NIC 214. Thus, 1n F1G. 3B at 312 the
Destination MAC for the frame forwarding the packet to the
router Host C 1s MAC Address 3.

MAC tables and routing tables need occasional updates.
For example, the MAC table may not include a destination
address for a particular outgoing {frame. In such a case, the
address resolution system may query other hosts in the net-
work, and update the MAC table when the answer to the query
arrives. Additionally, the MAC table may be updated manu-
ally. Other methods for updating the MAC table are well
known 1n the art.

Methods for updating routing tables are also well known in
the art. For example, a user may update the routing table
manually. Additionally, the operating system may run a ser-
vice implementing a dynamic routing protocol, which
updates the routing tables in response to requests from the
network. Other methods for updating the routing table are
also well known 1n the art.

Routing tables and MAC tables are examples of forward-
ing information databases, 1.¢. the databases used by the
networking subsystem to determine the necessary informa-
tion for forwarding packets. Other examples of forwarding
information database include: neighbor tables, 1P tables, and
Access Control Lists (“ACL”) tables. As would be understood
by one of skill in the art, these examples are not meant to be
limiting.

Once the networking subsystem has determined the Des-
tination MAC address for an outgoing packet, it can finish
constructing the frame. The networking subsystem then for-
wards the complete frame to the next level in the kernel, the
network interface (FI1G. 1 at 136 and 138) associated with the
NIC that has the Source MAC Address. As explained above,
the network interface 1s associated with a particular NIC, and
includes a data structure and functions that present frames
that are in a standard format from the networking subsystem
to the particular NIC device driver. Network interfaces also
present incoming frames from a particular NIC device driver
to the networking subsystem 1n a standard format. Each type
of NIC requires a different device driver, and therefore a
different 1mplementation of the network interface, even
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though all NICs perform the same basic task, 1.e. sending and
receiving frames. Each attached NIC has 1ts own network

interface.

From the network interface, the frame 1s forwarded to the
NIC device driver to send to the NIC, where 1t will be trans-
mitted across the network to the Destination MAC. For
example, the frame 1n FIG. 3B i1s forwarded to NIC 214 on
Host C 208 of FIG. 2A, which 1s also illustrated by NIC 110
of FIG. 1. The frame may then be processed by the network-
ing subsystem at the destination. In such case, the frame 1s
received at the device driver in the host for that NIC. For
example, 1n FIG. 1 the frame would be sent to device driver
132 and then forwarded to network interface 136 where it
could be presented to the networking subsystem 140 for pro-
cessing. The networking subsystem processes the frame by
looking at the software layer destination address in the
packet, and if the host 1s not the destination address, con-
structing an updated frame. The networking subsystem con-
structs an updated frame in a manner similar to constructing

a frame as described above. FIG. 3C 1s a diagram 1llustrating
an updated frame constructed at Host C 208 of FIGS. 2A and

2B for the packet being sent from Host A 206 to Host D 209.
Because Host D 1s on the same subnet as NIC 216 1n Host C,
the Source MAC 350 1s NIC 216°s MAC address, 1.e. MAC
Address 4. The Destination MAC 352 i1s the address for the
NIC 1n Host D, 1.e. MAC Address 5. The payload 360 is the
same packet 300 as in FIGS. 2A and 2B. The updated frame
1s then forwarded to the network interface 138 associated with
NIC 216, which 1s also illustrated as NIC 112 in FIG. 1. The
updated frame 1s then forwarded to NIC device driver 134,
sent to NIC 112, and sent to Host D over the network.

In order to accelerate the processing and forwarding of
frames, an attached hardware switch device may be pro-
grammed to perform some networking tasks without involv-
ing the kernel. However, there are certain networking tasks
that may be too complex to implement 1n the hardware switch.
Therefore, 1t would be useful to have systems and methods for
cificiently handing interactions between the programmed
switch device and the operating system. It would also be
usetul to have systems and methods for synchronizing net-
working data between the operating system and the ASIC
switch device.

SUMMARY

The patent relates to systems and methods for synchroniz-
ing network configuration state tables between the kernel and
an attached ASIC switch device. In some embodiments, when
an update 1s made to a forwarding information database 1n the
operating system kernel, a synchronizing application receives
an indication of the update, retrieves data from both the for-
warding information database in the operating system kernel
and the corresponding forwarding information database 1n
the attached ASIC switch device. The synchronizing applica-
tion compares the values of the data from the forwarding
information database 1n the operating system kernel and the
corresponding forwarding information database in the ASIC
switch device to determine which value 1n the corresponding
forwarding information database should be updated. Then a
signal 1s sent to the corresponding forwarding information
database in the ASIC switch device to store the updated value.

In some embodiments a synchronizing application
receives an instruction to update a target network configura-
tion state table in either an operating system kernel or an
attached ASIC switch device. The synchronizing application
retrieves data from the target network configuration state
table and data from a corresponding network configuration
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state table. The synchronizing application compares values of
the data from the target network configuration state table and
the corresponding network configuration state table to deter-
mine whether one or more values 1n the target network con-
figuration state table should be updated. The synchronizing
application then sends an instruction to update the target

network configuration state table with one or more values
from the corresponding network configuration state table.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram illustrating a computing device with 1ts
layers.

FIG. 2A 15 a diagram illustrating an example of a hardware
layer of a network. FIG. 2B 1s a diagram 1illustrating the
software definition of the hardware network illustrated in
FIG. 2A.

FIG. 3A 1s a diagram 1llustrating an example of a packet.
FIG. 3B 1s a diagram 1llustrating an example of a frame for
sending the packet in FIG. 3A. FIG. 3C 1s a diagram 1llustrat-
ing an example of an updated frame for sending the packet in
FIG. 3A.

FIG. 4A 1s a diagram 1illustrating an example of a routing,
table. FIG. 4B 1s a diagram 1illustrating an example of a MAC
table.

FIG. 5 1s a diagram 1llustrating an example of an environ-
ment 1 which the systems and methods of the present inven-
tion may be implemented.

FIG. 6 1s a diagram 1llustrating an example of an ASIC
switch device programmed to handle some of the tasks
involved 1n processing and forwarding frames.

FIG. 7A 1s a flowchart illustrating one embodiment of a
method for handling interactions between computing devices
in a network. FIG. 7B 1s a flow chart i1llustrating one embodi-
ment of a method for synchronizing data between a kernel and
an ASIC switch device.

FIG. 8A 1s a diagram illustrating examples of network
configuration state tables in the kernel. FIG. 8B 1s a diagram
illustrating examples of the corresponding network configu-
ration state tables 1n an ASIC switch device.

FIG. 9 1s a flow chart illustrating one embodiment of a
method for synchronizing network configuration state tables
between a kernel and an ASIC switch device.

DETAILED DESCRIPTION

The invention can be mmplemented 1 numerous ways,
including as a process, an apparatus, a system, a composition
ol matter, or a computer readable medium such as a computer
readable storage medium. In this specification, these imple-
mentations, or any other form that the invention may take,
may be referred to as techniques. A component such as a
processor or a memory described as being configured to per-
form a task includes both a general component that 1s tempo-
rarily configured to perform the task at a given time or a
specific component that 1s manufactured to perform the task.
In general, the order of the steps of disclosed processes may
be altered within the scope of the invention.

A detailed description of one or more embodiments of the
invention s provided below along with accompanying figures
that 1llustrate the principles of the invention. The mvention 1s
described 1n connection with such embodiments, but the
invention 1s not limited to any embodiment. The scope of the
invention 1s limited only by the claims and the invention
encompasses numerous alternatives, modifications and
equivalents. Numerous specific details are set forth 1n the
following description 1n order to provide a thorough under-
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standing of the invention. These details are provided for the
purpose ol example and the invention may be practiced
according to the claims without some or all of these specific
details. For the purpose of clanty, technical material that 1s
known 1n the technical fields related to the mvention has not
been described in detail so that the invention 1s not unneces-
sarily obscured.

FIG. 5 1s a diagram 1llustrating an example of an environ-
ment 1n which the systems and methods of the present inven-
tion may be implemented. As would be well understood 1n the
art, a variety of environments may be used, and this descrip-
tion of the environment 1s not meant to be limiting. FIG. 5
includes host computing device 500 with hardware 502, ker-
nel space 520, and user space 5340. As would be understood in
the art, host computing device 500 could be any computing
device that can send and recerve messages, such as a desktop
computer, laptop computer, smart phone or tablet.

Like the host1in FIG. 1, the hardware layer 502 includes one
or more CPUs 504, memory 506, and one or more storage
devices 508. The hardware layer 1n the environment 1llus-
trated in FIG. 5, however, also includes ASIC switch device
510, 1.e., a switch device that includes one or more Applica-
tion Specific Integrated Circuits (“ASICs™). ASICs are spe-
cialized chips that include hardwired logic 516 and memory
518 programmed for specific applications. In other words, an
ASIC 1s a specialized computer for performing one or more
specific tasks, which it can perform more efficiently than a
multipurpose computer. ASIC switch device 510 also
includes network ports 512 and 514.

ASIC switch device 510 can be programmed to handle
some ol the tasks mvolved in processing and forwarding
network frames. FIG. 6 1s a more detailed 1illustration of an
example of such an ASIC switch device 510. In order for an
ASIC switch device to be ellicient, a copy of many of the
forwarding information databases and other network con-
figuration state tables that are stored in the kernel are also
stored 1n the ASIC memory 518 1n the ASIC switch device.
Additionally, the ASIC switch device may store values 1n its
own forwarding information databases and other network
configuration state tables that would be usetul to the kernel.

FIG. 6 illustrates forwarding information databases, MAC
table 612 and routing table 614, stored 1n ASIC memory 518.
The ASIC memory may also include other network configu-
ration state tables, imncluding other forwarding information
databases, as would be well understood 1n the art. FIG. 8B
illustrates examples of some of these tables, which are
described 1n more detail below.

With programming, the ASIC switch device could handle
some tasks without involving the kernel. For example, i1 the
frame 1llustrated above 1n FIG. 3B arrived 1n the ASIC switch
device, the process of analyzing the frame and creating the
updated frame illustrated 1n FIG. 3C could be handled in the
ASIC switch device provided the memory included the rel-
evant data. The updated frame could then be forwarded by the
switch device and sent across the network to its destination.
Thus, the frame could be processed and forwarded without
involving the kernel, resulting in improved efficiency. There
are, however, tasks that may be too complex to be handled by
the specialized programming 1n the ASIC switch device. For
example, a routing table or MAC table may not have the
relevant information to forward a frame. In such cases, meth-
ods like those described above, such as running dynamic
routing protocols or address resolutions systems, may be
needed to learn the necessary information. Because these
methods may be too complex for the ASIC switch device, 1t
would be useful to have systems and methods that allow for
frames 1n such circumstances to be forwarded to the kernel for
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processing. Additionally, 1t would be useful to have systems
and methods for synchronizing the networking data stored 1n
the kernel and 1n the ASIC switch device.

Examples of the type of tasks that may be handled 1n the
ASIC switch device and the type that may be handled by the
kernel are provided for illustration purposes only. The pat-
ented invention 1s not limited by which tasks are performed 1n
the kernel and which are performed in the ASIC switch
device.

Returning to FIG. 35, kernel 520 includes networking sub-
system 324, which would be similar to networking subsystem
140 in FIG. 1 described above. Like networking subsystem
140, networking subsystem 524 includes forwarding infor-
mation databases, such as routing table 526 and MAC table
528. Kernel 520 also includes network interfaces associated
with the ASIC Switch device, as 1llustrated at 530 and 532.
Network interfaces 330 and 532 receive frames from the
networking application, rather than directly from a device
driver for a NIC.

User space 540 includes applications 542, 544, and 546.
User space application 542 1s a networking/synchronizing
application that handles interactions between the ASIC
switch device and the kernel, which may include synchroniz-
ing data between the two. In some embodiments, the network-
ing application and the synchronizing application may be part
of the same application as 1llustrated at 542 of FIG. 5, or they
may be separate applications in other embodiments.

For illustrative purposes, the networking/synchronizing
application 1s shown 1n user space, but this 1s not meant to be
limiting. For example, the networking application and/or the
synchronizing application may also be kernel space applica-
tions.

FIG. 7A 1s a flowchart illustrating one embodiment of a
method for processing messages 1n a network. At step 700, a
networking application, such as the one shown in FIG. 5 at
542, receives an indication that a switch device driver has
received a frame from a network port 1n an attached ASIC
switch device. The phrase “switch device driver has received
a frame from a network port” 1s used broadly to describe a
frame that was recerved by the network port and forwarded to
the switch device driver, and does not require that the switch
device driver receive the frame directly from the network
port. An explained above, the term “frame™ 1s used herein as
a general term to describe a bit stream encapsulating a packet,
such as an Ethernet frame. Frames are illustrated in FIGS. 3B
and 3C. The frame may have been forwarded to the switch
device driver because the ASIC switch device did not have the
requisite mnformation to update the frame and forward it to
another computing device. For example, one of the forward-
ing information databases in the ASIC switch device, such as
the MAC table at 528 of FIG. 5 or the routing table at 526 may
have been missing required information. However, the sys-
tems and methods of the present invention handle the frame
once it has been received by the switch device driver, and
therefore, the processing of the frame 1n the ASIC switch
device and the reason the frame was sent to the switch device
driver do not limit the present invention.

Atstep 702 of F1G. 7 A, the frame 1s forwarded to a network
interface associated with the network port in the attached
ASIC switch device 510 that 1t was recetved from. For
example, 1n FIG. 5 network interface 530 may be associated
with network port 512 and network interface 532 may be
associated with network port 514. The networking applica-
tion 542 may keep track of which network port in the ASIC
switch device each network interface is associated. The net-
work 1nterface has the capability of allowing the networking,
subsystem 1n the kernel 524 to process the frame. Where




US 9,218,356 B2

9

network interfaces 136 and 138 of FIG. 1 are associated with
particular NICs, network interfaces 530 and 532 are associ-
ated with particular network ports in the ASIC switch device.
The kernel may include virtualized NICs that make 1t appear
that a packet received on a particular ASIC network port was
received by a corresponding virtual NIC. These interfaces can
present a frame from a particular network port 1n the ASIC
switch device, to the networking subsystem so that the frame
can be processed by the networking subsystem 1n the kernel.
Network interfaces 530 and 532 receive frames from the
networking application 542, rather than directly from the
device driver for the particular NIC. Once the network inter-
face has received the frame, the frame 1s presented to the
networking subsystem 524, allowing it to be processed 1n a
manner similar to that described 1n the background section
with reference to networking subsystem 140 of FIG. 1.

Inthe event that a packet in the frame needs to be forwarded
to a second computing device, the kernel networking inter-
face associated with the appropriate network port in the ASIC
switch device will recerve the updated frame after the frame
has been processed by the networking subsystem at 704 of
FIG. 7A. At step 706, the updated frame 1s sent to the switch
device driver to be transmitted to the appropriate network port
in the ASIC switch device.

As explained above in the background section, the net-
working subsystem may need to learn new forwarding infor-
mation to construct or update a frame, using a variety of
methods that are well known 1n the art. The networking sub-
system updates one or more values in a forwarding informa-
tion database with the learned information. In some embodi-
ments of the invention, a synchronizing application may
receive an indication of such an update and synchronize data
between the kernel and ASIC switch device. FIG. 7B 1s a tlow

chart for one embodiment of a method for synchronizing data
between the kernel and the ASIC switch device.

At step 750 of FIG. 7B, the synchronizing application
receives an indication that an update has been made to a
torwarding information database in the kernel. At step 752,
data 1s retrieved from the updated forwarding information
database in the kernel and the corresponding forwarding
information database in the attached ASIC switch device. The
“corresponding forwarding information database” in the
attached ASIC switch device refers to the database 1n the
ASIC switch device for storing the updated value. As dis-
cussed above with regard to FIG. 6, to perform some func-
tionality for processing frames, the memory in the attached
ASIC switch device stores forwarding information database
corresponding to those 1n the kernel, for example, MAC table
612 and routing table 614 in FIG. 6.

At step 753, the synchronizing application compares the
values 1n the data from the updated forwarding information
database 1n the kernel and the corresponding forwarding
information database in the ASIC switch device to determine
which value 1n the corresponding forwarding information
database should be updated. At step 754, an instruction 1s sent
to the attached ASIC switch device to store the updated value
in the corresponding forwarding information database.

In some embodiments, the synchronizing application com-
pares the retrieved data from the forwarding information
database 1n the kernel and the retrieved data from the corre-
sponding forwarding information database 1n the ASIC
switch device, and determines 1f there are one or more addi-
tional updated values. In the event that there are one or more
updated values, an instruction 1s sent to store each updated
value 1n the corresponding information forwarding database,
1.€., the forwarding information database that stores the same
data, but is stored 1n a different location.
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Methods for determining 1 there are one or more addi-
tional values would be well understood 1n the art, and the
particular method chosen does not limit the mvention. For
example, 1in some embodiments, the synchronizing applica-
tion may sort the two tables and then iterate over them to
determine 11 there are any differences in corresponding val-
ues. In other embodiments, the synchronizing application
loads the table from the ASIC switch device into a hash table,
and looks at each of the kernel table’s values 1n the hash table
associated with the kernel table. If the entry does not exist in
the hash table for the ASIC switch device, the value 1s new. In
such case, the synchronizing application sends an indication
to store the new value in the ASIC switch device table. If the
entry 1n the hash table for the ASIC switch device exists, but
has a different associated state from the entry for the kernel
hash table, the value has been changed. In such cases, the
synchronizing application sends an instruction to store the
changed value 1n the ASIC switch device table. In some such
embodiments, 11 after processing all the entries in the kernel
hash table, there are any entries 1n the ASIC hash table that
have not been marked as “touched” by the previous two cases,
the synchronizing application sends an instruction to delete
the entry 1n the forwarding information database 1n the ASIC
switch device. In some embodiments, when an indication of
an update to a forwarding information database 1s received,
the synchronizing application retrieves data from one or more
additional network configuration state tables 1n both the ker-
nel and the ASIC switch device. Network configuration state
tables are 1llustrated 1n FIG. 8 and are discussed 1n more detail
below. In such embodiments, the data in each additional
network configuration state table 1n the kernel 1s compared to
the data 1n the corresponding configuration state table 1n the
ASIC switch device to determine 11 there are any differences
in the corresponding values, and if so, which value is the
updated value. As explained below, determining which value
1s an updated value would be well understood 1n the art, and
may be performed 1n a variety of different methods, the
choice of which does not limit the invention. If there are any
updated values, a signal 1s send to store the updated value in
the corresponding network configuration state table.

FIG. 8A 1s a diagram illustrating examples of network
configuration state tables in the kernel and FIG. 8B 1s a
diagram 1llustrating examples of the corresponding network
configuration state tables 1n the ASIC switch device. The term
“network configuration state table” 1s used broadly to
describe any structure for storing one or more values that
alfect aspects of network operations. As such, “a network
confliguration state table” may include a variable, a database
table, or any other data structure. In some embodiments, the
network configuration state tables are stored in the cache.

Nonlimiting examples of network configuration state
tables include forwarding information databases, such as
MAC tables illustrated at 802 and 852, and routing tables
illustrated at 804 and 854. Other examples of network con-
figuration state tables include the packet filter rules, 1llus-
trated at 806 and 856 and the packet forwarding rules, 1llus-
trated at 808 and 858. Other examples include the port state
illustrated at 810 and 860. Additional examples include
counters, 1llustrated at 812 and 862. Other examples include
network status tables, illustrated at 816 and 866, which
include data such as the vanable for storing whether the
network port interface 1s “up” or “down,” and the link state.
Additional types of network configuration state tables include
the tables for storing network statistics, as illustrated at 814
and 864. Network statistics include information collected by
the ASIC hardware, such as the number of frames sent and
received, the number of IP packets sent and received, number
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ol packets forwarded, number of packets filtered, number of
packets filtered based on a TCP port, number of packets
bound for certain hosts, 11 there were any malformed or oth-
erwise erroneous packets or frames, 11 transmitted packets
had any routing problems upstream, and many other variants
that would be well understood in the art. Other types of
network configuration tables include speed settings illus-
trated at 818 and 868 and medium settings 1llustrated at 820
and 870. Other types of network configurations tables would
be well understood 1n the art. The patented mmvention 1s not
limited by which type of network configuration state tables
are synchronized.

In describing the network configuration state tables, the
term “corresponding table™ 1s used to describe the table stor-
ing the same type of data, but saved 1n a different location. For
example, the MAC table 802 1n the kernel 1s the correspond-
ing table for the MAC table 852 in the ASIC switch device,
and vice versa. The term “corresponding value™ 1s used to
describe the value stored 1n the corresponding table for the
same type of data.

FI1G. 9 1s a flow chart for an embodiment of a method for
synchronizing network configuration state tables between the
kernel and the ASIC. This method may be performed by a
synchronizing application, which as explained above may be
part of the networking application illustrated at 542 of FI1G. 5.
The synchronizing application may be 1n user space as 1llus-
trated, or 1 kernel space.

At step 900, a synchronizing application receives an
instruction to update a target network configuration state table
in either the kernel or the attached ASIC switch device. “Syn-
chronizing application” 1s a term used broadly to describe an
application that performs synchronizing. The “target” net-
work configuration state table simply refers to the table to be
updated.

It would be well understood 1n the art that there are a variety
of ways in which the application may receive the instruction
to update a target configuration state table, the choice of
which does not limit the invention. In some embodiments the
instruction 1s received in response to particular events. For
example, the mstruction may be received 1n response to the
kernel updating one of 1ts network configuration state tables,
such as a forwarding information database. In some embodi-
ments, the mstruction may occur at startup. In some embodi-
ments, a process monitors changes 1n the network configura-
tion state tables, by a polling message, a message from the
operating system used to notify processes or changes, or any
of the other mechanisms for notification of changes that
would be well understood 1n the art, and sends an instruction
when one or more changes have occurred. In some embodi-
ments, the mstruction 1s received in response to a certain
number of values 1n network configuration state table being,
updated. In some embodiments, the instruction 1s recerved in
response to the operating system state become incomplete or
invalid.

At step 902, the synchronizing application retrieves data
from the target network configuration state table and the
corresponding network configuration state table.

At step 903, the synchronizing application compares val-
ues of the data from the target network configuration state
table and the corresponding network configuration state table
to determine whether one or more values in the target network
configuration state table should be updated. Methods for
determining one or more values 1n the target network con-
figuration state table that should be updated would be well
understood 1n the art, and the particular method chosen does
not limit the invention. For example, 1n some embodiments,
the synchronizing applications may sort the two tables and
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then 1terate over them. In other embodiments, the synchro-
nizing application may load the table from the ASIC switch
device a hash table, and looks at each of the kernel table’s
values 1n the hash table using a method similar to the one
described above.

At step 904, an 1nstruction 1s sent to store 1n the target
network configuration state table, one or more updated values
from the corresponding network configuration state table.
The methods for sending such an instruction would be well
understood in the art.

In some embodiments, the synchronizing application
retrieves data from one or more additional network configu-
ration state tables 1n the both the kernel and the attached ASIC
switch device. For purposes of clarity of discussion, each
network configuration state table other than the target table
and 1ts corresponding table 1s referred to as an “additional
network configuration state table,” and 1ts corresponding
table 1s referred to as the “corresponding additional network
configuration state table.”

In such embodiments, data from the one or more network
configuration state table 1n the kernel 1s compared to the one
or more corresponding additional network configuration state
table 1n the attached ASIC switch device, to determine 1f there
are any differences in the corresponding values. For each
difference 1n the corresponding values, 1t 1s determined which
value 1s “an updated value.” An instruction 1s then sent to store
cach updated value 1s 1n the corresponding additional network
configuration state table. Methods for determining which
value 1s an updated value would be well understood 1n the art,
and the particular method chosen does not limait the invention.
Method would include methods for comparing data 1n the two
tables stmilar to the methods described above for determining,
which value was an updated value.

Although the foregoing invention has been described 1n
some detail for purposes of clarity of understanding, 1t will be
apparent that certain changes and modifications may be prac-
ticed within the scope of the appended claims. It should be
noted that there are many alternative ways of implementing,
both the process and apparatus of the present invention.
Accordingly, the present embodiments are to be considered as
illustrative and not restrictive, and the invention 1s not to be
limited to the details given herein, but may be modified within
the scope and equivalents of the appended claims. Further, the
present invention 1s not to be considered limited to a particular
soltware protocol or a particular hardware network.

What 1s claimed 1s:

1. A system for processing messages in a network compris-
ing a processor and a memory coupled with the processor,
wherein the memory 1s configured to provide the processor
with 1nstructions for:

receving by a networking application 1n a host, an 1ndica-

tion that a switch device driver 1n an operating system in
the host has received a frame from a network port 1n an
attached ASIC switch device;

forwarding the frame to a network interface in the software

layer of the host associated with the network port in the
attached ASIC switch device, such network interface
having the capability of allowing the networking sub-
system 1n an operating system kernel of the host to
process the frame;

in the event that processing the frame results 1n an update to

a value 1n a forwarding information database in an oper-
ating system kernel of the host, recerving by a synchro-
mzing application an indication that the update had been
made;

retrieving by the synchronizing application, data from both

the forwarding information database in the operating
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system kernel of the host and the corresponding for-
warding information database stored in the attached

ASIC switch device;

comparing values of the data from the forwarding infor-
mation database 1n the operating system kernel of the
host and the corresponding forwarding information
database stored 1n the attached ASIC switch device to
determine which value 1n the corresponding forwarding
information database stored in the attached ASIC switch
device should be updated;

sending a signal to the corresponding forwarding informa-
tion database stored 1n the attached ASIC switch device
to store the updated value;

wherein the host includes a computing device with a net-
work mterface controller and an operating system kernel
running; and

wherein the networking subsystem 1n the operating system
kernel of the host includes the components of the kernel
that process messages sent by user space applications
betore they are forwarded to a network intertace.

2. The system of claim 1 wherein the memory 1s further

configured to provide the processor with instructions for;

determining if there are one or more additional updated
values 1n eirther forwarding information database; and

in the event there are one or more additional updated val-
ues, for each additional updated value, sending a signal
to store the additional updated value 1n a corresponding
forwarding information database.

3. The system of claim 2 wherein the memory 1s further

configured to provide the processor with instructions for:

retrieving data from an additional network configuration
state table in the operating system kernel 1n the host and
a corresponding additional network configuration state
table stored 1n the attached ASIC switch device;

comparing data from the additional network configuration
state table 1n the operating system kernel 1n the host to
the corresponding additional network configuration
state table stored in the attached ASIC switch device and
determining 11 there are one or more differences 1n cor-
responding values;

in the event there are one or more differences 1n corre-
sponding values, determining which value 1s an updated
value; and

sending an nstruction to store the updated value in either

the additional network configuration state table 1n the
operating system kernel in the host or the corresponding
additional network configuration state table in the
attached ASIC switch device.

4. A system for synchronizing network configuration state
comprising a processor and a memory coupled with the pro-
cessor, wherein the memory 1s configured to provide the
processor with mstructions for:

receiving by a synchronizing application in a host, an

instruction to update a target network configuration state
table 1n either an operating system kernel of the host or
stored 1n an attached ASIC switch device;

retrieving by the synchronizing application in the host, data

from the target network configuration state table and
data from a corresponding network configuration state
table;

comparing the values of the data from the target network

confliguration state table and the corresponding network
coniiguration state table to determine one or more values
in the target network configuration state table that need
be updated;
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sending an instruction to update the target network con-
figuration state table with one or more values from the
corresponding network configuration state table;

wherein the host includes a computing device with a net-
work interface controller and an operating system kernel
running;

wherein the corresponding network configuration state
table 1s stored in the attached ASIC switch device if the
target network configuration state table 1s 1n an operating,
system kernel of the host; and

wherein the corresponding network configuration state
table 1s 1n an operating system kernel of the host 11 the

target network configuration state table 1s stored 1n the
ASIC switch device.

5. The system of claim 4 wherein the synchronizing appli-
cation receives the mstruction from a process that monitors
changes 1n the network configuration state tables in both the

operating system kernel 1n the host and stored 1n the attached
ASIC switch device.

6. The system of claim 5 wherein the monitor process
involves eirther a polling message or a message from the
operating system used to notify processes of changes.

7. The system of claim 4 wherein the synchronizing appli-
cation recerves the instruction 1n response to the operating
system state becoming incomplete or invalid; and wherein the
target network configuration state table 1s i the operating
system kernel 1n the host and the corresponding network
configuration state table 1s stored 1n the attached ASIC switch
device.

8. The system of claim 4 wherein the synchronizing appli-
cation receives the mstruction after a certain number of values
in one or more network configuration state tables have been
updated and wherein the memory 1s configured to provide the
processor with further instructions for

retrieving data from each network configuration state table

with an updated value and retrieving data from each
corresponding target network configuration state table;
and

for each of the updated values, sending an instruction to

update the corresponding target network configuration
state table with the updated value.

9. The system of claim 4 wherein the target network con-
figuration state table and the corresponding network configu-
ration state table are forwarding information databases.

10. The system of claim 9 wherein the target network
coniiguration state table and the corresponding network con-
figuration state table are one of the following: a routing table
or a MAC table.

11. The system of claim 4 wherein the target network
configuration state table and the corresponding network con-
figuration state table store one of the following: a port state,
one or more counters, one or more speed settings or one or
more medium settings.

12. The system of claim 4 wherein the target network
configuration state table and the corresponding network con-
figuration state table store one of the following: one or more
network statistics or a network status.

13. The system of claim 4 wherein the target network
configuration state table and the corresponding network con-
figuration state table store one of the following: one or more
packet filter rules or one or more packet forward rules.

14. The system of claim 5 wherein the updated network
configuration state table and the target network configuration
state table are stored in cache.

15. A method for processing messages 1n a network com-
prising:
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receiving by a networking application 1n a host, an indica-
tion that a switch device driver 1n an operating system in
the host has received a frame from a network port 1n an
attached ASIC switch device;
forwarding the frame to a network interface in the software
layer of the host associated with the network port 1n the
attached ASIC switch device, such network interface
having the capability of allowing the networking sub-
system 1n an operating system kernel of the host to
process the frame;
in the event that processing the frame results 1n an update to
a value 1n a forwarding information database 1n an oper-
ating system kernel of the host, recerving by a synchro-
nizing application an indication that the update had been
made;
retrieving by the synchronizing application, data from both
the forwarding information database 1n the operating
system kernel of the host and the corresponding for-
warding information database stored in the attached
ASIC switch device;

comparing values of the data from the forwarding infor-
mation database in the operating system kernel of the
host and the corresponding forwarding information
database stored 1n the attached ASIC switch device to
determine which value in the corresponding forwarding
information database stored in the attached ASIC switch
device should be updated;

sending a signal to the corresponding forwarding informa-

tion database stored in the attached ASIC switch device
to store the updated value;

wherein the host includes a computing device with a net-

work interface controller and an operating system kernel
running; and

wherein the networking subsystem 1n the operating system

kernel of the host includes the components of the kernel
that process messages sent by user space applications
betore they are forwarded to a network interface.

16. A computer program product for processing messages
in a network, the computer program product being embodied
in a non-transitory machine readable storage medium and
comprising computer instructions for:

receiving by a networking application 1n a host, an indica-

tion that a switch device driver 1n an operating system in
the host has received a frame from a network port 1n an
attached ASIC switch device;

forwarding the frame to a network interface 1n the software
layer of the host associated with the network port 1n the
attached ASIC switch device, such network interface
having the capability of allowing the networking sub-
system 1n an operating system kernel of the host to
process the frame;

in the event that processing the frame results in an update to
a value 1n a forwarding information database 1n an oper-
ating system kernel of the host, recerving by a synchro-
nizing application an indication that the update had been
made;

retrieving by the synchronizing application, data from both
the forwarding information database 1n the operating
system kernel of the host and the corresponding for-
warding information database stored in the attached
ASIC switch device;

comparing values of the data from the forwarding infor-
mation database in the operating system kernel of the
host and the corresponding forwarding information
database stored 1n the attached ASIC switch device to
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determine which value 1n the corresponding forwarding,
information database stored 1n the attached ASIC switch
device should be updated;

sending a signal to the corresponding forwarding informa-
tion database stored 1n the attached ASIC switch device
to store the updated value;

wherein the host includes a computing device with a net-
work interface controller and an operating system kernel
running; and

wherein the networking subsystem 1n the operating system
kernel of the host includes the components of the kernel
that process messages sent by user space applications
betore they are forwarded to a network interface.

17. A method for synchronizing network configuration

state comprising:

recerving by a synchronizing application in a host, an
instruction to update a target network configuration state
table 1n either an operating system kernel of the host or
stored 1n an attached ASIC switch device;

retrieving by the synchromzing application in the host, data
from the target network configuration state table and
data from a corresponding network configuration state
table;

comparing the values of the data from the target network
confliguration state table and the corresponding network
configuration state table to determine one or more values
in the target network configuration state table that need
be updated,;

sending an instruction to update the target network con-
figuration state table with one or more values from the
corresponding network configuration state table;

wherein the host includes a computing device with a net-
work interface controller and an operating system kernel
running;

wherein the corresponding network configuration state
table 1s stored in the attached ASIC switch device if the
target network configuration state table 1s 1n an operating,
system kernel of the host; and

wherein the corresponding network configuration state
table 1s 1n an operating system kernel of the host 11 the
target network configuration state table 1s stored in the
ASIC switch device.

18. A computer program product for synchronizing net-

work configuration state, the computer program product
being embodied 1n a non-transitory machine readable storage
medium and comprising computer instructions for:

receving by a synchromizing application imn a host, an
instruction to update a target network configuration state
table 1n either an operating system kernel of the host or
stored 1n an attached ASIC switch device;

retrieving by the synchromzing application in the host, data
from the target network configuration state table and
data from a corresponding network configuration state
table;

comparing the values of the data from the target network
configuration state table and the corresponding network
configuration state table to determine one or more values
in the target network configuration state table that need
be updated;

sending an 1nstruction to update the target network con-
figuration state table with one or more values from the
corresponding network configuration state table;

wherein the host includes a computing device with a net-
work interface controller and an operating system kernel
running;

wherein the corresponding network configuration state
table 1s stored in the attached ASIC switch device if the
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target network configuration state table 1s 1n an operating
system kernel of the host; and

wherein the corresponding network configuration state
table 1s 1n an operating system kernel of the host 1f the
target network configuration state table 1s stored in the

ASIC switch device.
19. The method of claim 15 further comprising;
determining if there are one or more additional updated
values 1n eirther forwarding information database; and
in the event there are one or more additional updated val-
ues, for each additional updated value, sending a signal
to store the additional updated value 1n a corresponding
forwarding information database.

20. The method of claim 19 further comprising:

retrieving data from an additional network configuration
state table 1n the operating system kernel 1n the host and
a corresponding additional network configuration state
table stored 1n the attached ASIC switch device;

comparing data from the additional network configuration
state table 1n the operating system kernel in the host to
the corresponding additional network configuration
state table stored 1n the attached ASIC switch device and
determining 1f there are one or more differences 1n cor-
responding values;

in the event there are one or more differences 1n corre-
sponding values, determining which value 1s an updated
value; and

sending an mnstruction to store the updated value in either
the additional network configuration state table 1n the
operating system kernel 1n the host or the corresponding
additional network configuration state table in the

attached ASIC switch device.

21. The computer program product of claim 16 comprising
turther computer instructions for:

determining 1f there are one or more additional updated
values 1n erther forwarding information database; and

in the event there are one or more additional updated val-
ues, for each additional updated value, sending a signal
to store the additional updated value 1n a corresponding
forwarding information database.

22. The computer program product of claim 21 comprising,
turther computer instructions for:
retrieving data from an additional network configuration
state table 1n the operating system kernel 1n the host and
a corresponding additional network configuration state
table stored 1n the attached ASIC switch device;

comparing data from the additional network configuration
state table 1n the operating system kernel 1n the host to
the corresponding additional network configuration
state table stored in the attached ASIC switch device and
determining 1f there are one or more differences 1n cor-
responding values;

in the event there are one or more differences 1n corre-

sponding values, determining which value 1s an updated
value; and

sending an istruction to store the updated value 1n either

the additional network configuration state table 1n the
operating system kernel in the host or the corresponding
additional network configuration state table in the
attached ASIC switch device.

23. The method of claim 17 wherein the synchromzing
application recerves the mstruction from a process that moni-
tors changes 1n the network configuration state tables 1n both
the operating system kernel in the host and stored in the

attached ASIC switch device.
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24. The method of claim 23 wherein the monitor process
involves eirther a polling message or a message from the
operating system used to notify processes of changes.

25. The method of claim 17 wherein the synchronizing
application receives the instruction in response to the operat-
ing system state becoming incomplete or invalid; and wherein
the target network configuration state table 1s in the operating,
system kernel 1n the host and the corresponding network
configuration state table 1s stored 1n the attached ASIC switch
device.

26. The method of claim 17 wherein the synchronizing
application receives the instruction after a certain number of
values 1n one or more network configuration state tables have
been updated, and wherein the method further comprises:

retrieving data from each network configuration state table

with an updated value and retrieving data from each
corresponding target network configuration state table;
and

for each of the updated values, sending an instruction to

update the corresponding target network configuration
state table with the updated value.

277. The method of claim 17 wherein the target network
configuration state table and the corresponding network con-
figuration state table are forwarding information databases.

28. The method of claim 27 wherein the target network
configuration state table and the corresponding network con-
figuration state table are one of the following: a routing table
or a MAC table.

29. The method of claim 17 wherein the target network
configuration state table and the corresponding network con-
figuration state table store one of the following: a port state,
one or more counters, one or more speed settings or one or
more medium settings.

30. The method of claim 17 wherein the target network
configuration state table and the corresponding network con-
figuration state table store one of the following: one or more
network statistics or a network status.

31. The method of claim 17 wherein the target network
configuration state table and the corresponding network con-
figuration state table store one of the following: one or more
packet filter rules or one or more packet forward rules.

32. The method of claim 23 wherein the updated network
configuration state table and the target network configuration
state table are stored 1n cache.

33. The computer program product of claim 18 wherein the
synchronizing application recerves the mstruction from a pro-
cess that monitors changes in the network configuration state
tables 1n both the operating system kernel in the host and
stored 1n the attached ASIC switch device.

34. The computer program product of claim 33 wherein the
monitor process mvolves either a polling message or a mes-
sage from the operating system used to notify processes of
changes.

35. The computer program product of claim 18 wherein the
synchronizing application receives the instruction 1n
response to the operating system state becoming incomplete
or invalid; and wherein the target network configuration state
table 1s 1n the operating system kernel 1n the host and the
corresponding network configuration state table 1s stored 1n
the attached ASIC switch device.

36. The computer program product of claim 18 wherein the
synchronizing application recerves the instruction after a cer-
tain number of values 1n one or more network configuration
state tables have been updated and comprising further com-
puter instructions for:



US 9,218,356 B2

19

retrieving data from each network configuration state table
with an updated value and retrieving data from each
corresponding target network configuration state table;
and

for each of the updated values, sending an nstruction to

update the corresponding target network configuration
state table with the updated value.

37. The computer program product of claim 18 wherein the
target network configuration state table and the correspond-
ing network configuration state table are forwarding informa-
tion databases.

38. The computer program product of claim 37 wherein the
target network configuration state table and the correspond-
ing network configuration state table are one of the following:
a routing table or a MAC table.

39. The computer program product of claim 18 wherein the
target network configuration state table and the correspond-
ing network configuration state table store one of the follow-
ing: a port state, one or more counters, one or more speed
settings or one or more medium settings.

40. The computer program product of claim 18 wherein the
target network configuration state table and the correspond-
ing network configuration state tables store one of the follow-
ing: one or more network statistics or a network status.

41. The computer program product of claim 18 wherein the
target network configuration state table and the correspond-
ing network configuration state table store one of the follow-
ing: one or more packet filter rules or one or more packet
forward rules.

42. The computer program product of claim 33 wherein the
updated network configuration state table and the target net-
work configuration state table are stored in cache.
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